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The ageing lens
I am very grateful for Professor Glasser’s courteous
comments, and regret that one line in my paper has
been mislabelled and part of the description of the
calculation—but not the calculation itself—inadver-
tently misrepresented. My Eq. (12) read correctly
dF=constant (1/R)/ (12)
and was used in the calculation. The expression for 
was fully referenced, and accordingly, Eq. (9) should
have included a constant p, independent of age, to
restore dimensionality: those familiar with the process
of normalization will realize that dimensionality affords
no test in a calculation in which a set of multi-dimen-
sional expressions is divided by one of the elements. In
normalization, the above variables represent the age-de-
pendent coefficients of the respective physical entities.
Quite a few of Professor Glasser’s other statements
would seem to be matters of opinion.
1. It is arguable that I did not consider changes in
lenticular dimensions: they were dealt with in terms
of the semi-axes of the ellipsoid representing the
shape of the lens.
2. It is arguable that Smith’s (1883) data are not
comparable with Farnsworth and Shine’s (1979): the
lenses examined by the latter were studied electron
microscopically, and hence also excised. The notion
that the posterior part of the capsule should stretch
and become thinner with age when, in moulding the
lens, it is the anterior part that is held by most
workers to be doing the real work, is intriguing, but
hardly plausible. In any case, having thickened in
the early decades of life, the anterior capsular por-
tion thins only after the process of presbyopia has
been virtually completed (Salzmann, 1912; Fisher,
1969), i.e. more or less synchronously with the zonu-
lar ‘shift’. In saying …‘the position of the equatorial
zonular/capsular attachment will shift anteriorly…’,
Professor Glasser is unlikely to wish to adhere to
the notion that the capsule slips over the lens matrix
since Glasser and Campbell (1999) have demon-
strated that lens fibres are liable to stick to it.
3. It is arguable that the question of the equatorial
diameter of the lens can be considered as settled.
Strenk et al.’s (1999) important pioneering work
covers an age range of 22–83 years. It is doubtful
whether data for subjects above 60 years are rele-
vant to the matter under discussion. On the other
hand a spate of data for the under-twenties would
have been informative. Moreover, a few of those
who have concerned themselves with the problem of
the equatorial diameter realize that, in addition to
the thickness, lens mass also increases with age.
Between the ages of 10 and 60 years, the increase is
approximately 64%. The increase in sagittal thick-
ness is some 25%. No one appears to have suggested
that the specific gravity s of the lens increases by as
much as 14% over that period. If, following Smith’s
(1883) measurements of s, it is virtually constant,
then the implicit increase in diameter of 14% and
Strenk et. al’s data need reconciling.
4. It is arguable that Glasser and Campbell’s (1999)
data ‘show a progressive increase in hardness from
birth’. What they do show is that the logarithm
increases from near birth, (without starting at
−), a matter that would be relevant if either my
formulae or Professor Glasser’s modifications of
them were functions of the logarithm. They are not.
Consequently it is worth reiterating that
1. Farnsworth and Shine’s variation,
2. the increase in Fisher’s (1971) data for Young’s
modulus of the lens matrix,
3. capsular thinning, and
4. Glasser and Campbell’s increase in ‘hardness’ all
occur mainly after the age when the major part of
the accommodative ability (AA) has been lost. It is,
of course, well known that this begins in childhood,
so that it does not come as a surprise that organic
changes underlie it. Given adequate information, it
is possible to test whether the initial low values
differ from zero or not. Rightly or wrongly, presby-
opia has come to be divorced from processes that
start in childhood, whence it is easy to overstress the
importance of changes that occur after most of the
AA has vanished. In contrast, during the period of
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major loss of the AA, the only functions to show a
significant age-related change are capsular elasticity
and the radius of curvature of the anterior surface of
the lens (which, I claim, is due to the former). This
is illustrated in both Fisher’s (1969) and Krag,
Olsen, and Andreassen (1997) data, though the age-
functions in the latter are possibly overlapping in the
physiologically relevant, and presumably linear, part
of their plots. It is unclear what direct relevance
Professor Glasser attributes to Krag et. al’s clinically
orientated work. As they were concerned with capsu-
lar behaviour in the face of incision, the relatively
small strains involved in [the relaxation of] accom-
modation were not at the focus of their attention. I
mentioned their work because it is more reductionist
than some.
5. Professor Glasser states that ‘the closeness of [my]
model data to Bru¨ckner et al.’s (1987) clearly indi-
cate a departure from reality’. ‘A change in power of
the crystalline lens produces a 20% less change [sic]
in power of the eye… Therefore, were the Weale
(2000) model truly predictive, it should fall below the
Bru¨ckner et al. (1987) in vivo accommodative ampli-
tudes…’ Those familiar with the procedure of nor-
malization will appreciate that, if the function were
to lie below Bru¨ckner et al.’s data, particularly for
the young, then, on normalization at the age of 10
years, the rest of the data should lie above their
results, and not below. However, those familiar with
the procedure of normalization will also realize that
constant factors, as would be involved in multiplying
an age-related function by 0.8, cannot affect the
trend of the function: the rate constant  of a
function F= (1/F)(dF/dt)= (1/[0.8F ])(d[0.8F ]/dt).
I had mentioned that the procedure subsumes con-
stant factors (vide supra). Professor Glasser also
states that the ‘starting point of the analysis’ is
unclear. Not only does my text (Weale, 2000) invite
the reader to ‘consider what happens to its shape [of
the lens] when the ciliary muscle applies a pull via
the proximal zonular insertions’, but Fig 3a also
illustrates this. If we are to deduce from Professor
Glasser’s comment that the ciliary muscle acts other
than with a holding operation once accommodation
is relaxed then we have to move into hitherto unex-
plored territory, etc., etc.
6. In some ways, however, the difference between Pro-
fessor Glasser’s approach and mine is smaller than
would appear: I eschew the use of the word ‘hard-
ness’ in connection with the lens, because this term
is applied by geologists in connection with irre-
versible indentations of their materials. An increase
in Young’s modulus for the nucleus implies an
increasing difficulty to deform it, which is popularly
called hardening.
Professor Glasser appears to have overlooked a point
yielded by my analysis. It is this. An increase in Young’s
modulus of the nucleus (which becomes appreciable
only after most of our AA has vanished, vide supra)
coupled with a drop in capsular elasticity—which can-
not be explained away—provides an explanation of
Lowe and Clark’s (1973) and Brown’s (1974) observa-
tions on the age-related decrease of the radius of curva-
ture of the anterior pole of the lens. We are told that the
nucleus becomes progressively compacted (Brown, Ko-
retz, & Bron, 1999), but the forces doing this do not
appear to have been identified. To my knowledge, no
one has suggested that the nucleus grows with age: in
Huggert’s (1948) data it is seen to shrink after the age
of 60 years. Moreover, the cortex is unlikely to be
entirely plastic.
It would seem to follow that a reduction of the
containing forces of the lens allows the nucleus to put its
imprint on the polar part of the lens. The nucleus is
thought to be the lens we are born with: hence my
remark about its apparent regression in shape. Professor
Glasser is, of course, free to maintain his continuing
stance that the cortex and nucleus should be amalga-
mated either experimentally or conceptually or both. In
attempting the formation of explanatory hypotheses,
the rest of us will try and be guided by relevant data on
structural lenticular components and other tissues likely
to be involved in the solution of this complicated but
interesting issue. And it would appear that some pro-
gress is being made since Professor Glasser’s Eq. (4)
seems to include three age-related variables even though
it is hard to see how he arrives at the equation by
arbitrarily making the stress independent of age.
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